In recent years, Radio Frequency Identification (RFID) systems are expected to be used in the medical field. Therefore we have come to suggest a simple urination detection system by the RFID system. In our presented system a tag is embedded into a diaper worn by a care-receiver and the care-personnel bring a reader close to the tag. Thus, in a dry diaper, the tag can communicate with the reader. However, in a wet diaper, the presented tag cannot communicate with the reader, because the characteristics of the tag antenna are changed by urination. So urination is detected by weather the presented tag can communicate with the reader or not. In this paper, we have designed the tag antenna and analyzed it by numerical calculations. In addition, we fabricated the tag and measured it in a real situation. As a result the presented system can be applied in urination detection. Keywords: RFID, urination detection, diaper Classification: Antennas and Propagation
Introduction
In many hospitals across Japan, the diapers of care-receivers are changed several times a day. The care personnel can only know whether the carereceivers urinated by removing their clothes. However, removing the clothes of disable persons is a lot of work for the care personnel and the care-receiver. By using our presented system, the care-personnel do not need to remove the clothes of the care-receiver to know whether they urinated.
Urination detections systems for elderly people are being suggested in the world recently. Presently, a number of ways to detect urination by using active devices have been suggested [1, 2] . Several ideas for putting extra functionality into a diaper have also been presented. These systems however give the user mental and physical stress. We have now suggested a urination detection system by a radio frequency identification (RFID) system. The RFID system is consisted by a tag and reader. Each tag consists of an antenna and a tiny integrated circuit (IC) chip. The tag receives radio wave signals from the reader and can be excited. The information from the IC chip is then returned to the reader by radio wave signals. The tag antenna in this system is very important because the communication area of the tag depends on performances of the tag antenna.
In our urination detection system, a tag is embedded into a diaper worn by a care-receiver and the care-personnel bring a reader close to the tag. In the dry diaper, the tag can communicate with the reader. However, in the wet diaper, the tag cannot communicate, because the characteristics of the tag antenna are changed by urination. Therefore, urination is detected by whether the tag can communicate with the reader or not.
In this paper, we studied the tag antenna for the presented urination detection system. The characteristics of the tag antenna are calculated. In addition, the usefulness of the presented system is studied in measurements. Figure 1 (a) shows the proposed antenna. This antenna has meander structures due to the size limitation. In addition, the impedance matching is accommodated by a loop structure [3] . The operating frequency of the antenna is 950 MHz. Figure 1 (b) shows the position of the proposed tag antenna in the diaper. The thickness of the diaper is 6 mm and the antenna embedment depth is 3 mm. The electrical properties of the human body are 2/3 of the muscles and the value is ε r = 36.6, σ = 0.64 S/m [4] . In addition, the relative permittivity and conductivity of the paper diapers in dry and wet are measured by a dielectric-probe (HP-85070B) connected to a network analyzer. Figure 2 (a) shows the reflection coefficients of the proposed antenna embedded into the paper diaper model in Fig. 1 (c) . From these results, the proposed antenna has a good impedance matching with IC chip at 950 MHz when the diaper is dry. On the contrary, when the paper diaper is wet, the proposed antenna has a poor impedance matching at 950 MHz. In addition, the reflection coefficients are good contact regardless of position. Figures 2 (b)-(g) show the electric field distributions with different poses in the dry and wet diapers. These electric field distributions are in the sagittal plane. From the results, the proposed antenna has stronger distribution in the dry diaper. In addition, the poses of the human body also affect the shape of the distributions. However, the characteristics of the proposed tag antenna were not affected by three positions. 
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The presented system and measurement setup are introduced in this section. This system is consisted by the fabricated tag and a handy reader (DOTR-920J). The output power of the handy reader is 250 mW. Figure 3 (a) shows the tag position in the diaper. Five persons wore each diaper and lay down on a bed. Then we held a reader close to the tag and checked whether the tag can communicate with the reader or not. The experimental environment is shown in Fig. 3 (b) . Their positions are the same as calculated models. In addition, for the study of the wet diaper, the diaper is moistened by 120 milliliters of water solution. The water solution is made from water, sodium chloride, and glycerin. The electrical constants are same as urination [5] .
Measured result
From the experimental verification, urination can be detected by the proposed system. In the dry diaper, the proposed tag could communicate with the reader. The communication distance was affected by the individual difference or positions of examinees. However, the minimum communication distance was approximately 10 cm in the dry diaper. This distance was enough to detect urination. In addition, the effect of comforter was very little. On the other hand, in the wet diaper, even thought the reader was held close to the tag, the signal cannot be detected.
Conclusion
This paper has presented a simple urination detection system by the RFID system and studied the usefulness of the presented system in both numerical calculations and measurements. As a result, the presented tag could communicate with the reader in the dry diaper and cannot communicate in the wet diaper. In other words, whether they communicate or not depends on the conditions of each diaper. The presented system can therefore detect urination.
